Background: Research in postoperative mortality is scarce. Insight into mortality and cause of death might improve and innovate perioperative care. The objective for this study was to report the 24-hour and 30-day overall, and surgery and anaesthesia-related, in-hospital mortality at a tertiary paediatric hospital. Methods: All patients <18 yr old who underwent anaesthesia with or without surgery between January 1, 2006, and December 31, 2012, at the Wilhelmina Children's Hospital, Utrecht, The Netherlands, were included in this retrospective cohort study. Causes of death within 30 days were identified and tabulated into four major categories according to principal cause. Results: A total of 45 182 anaesthetics were administered during this 7-yr period. The all-cause 24-hour hospital mortality was 13.1 per 10 000 anaesthetics (95% CI: 9.9-16.8) and the all-cause 30-day in-hospital mortality was 41.6 per 10 000 anaesthetics (95% CI: 35.9-48.0). In total five patients were partially contributable to anaesthesia (30-day mortality: 1.1/10 000, 95% CI: 0.4-2.6) and four patients were partially contributable to surgery (30-day mortality: 0.9/10 000, 95% CI: 0.2-2.3). Mortality was higher in neonates and infants, children with ASA physical status III and IV, and emergency-and cardiothoracic surgery. Conclusions: Neonates and infants, children with ASA physical status III or poorer, and emergency-and cardiothoracic surgery are associated with a higher postoperative mortality. Anaesthesia-or surgery-related complications contribute to mortality in only a small amount of the deaths, indicating the relative safety of paediatric surgical and anaesthetic procedures.
perioperative cardiac arrests that occurred during procedures requiring anaesthesia services has been studied in a voluntary registry in a single institution in the USA. 3 However, voluntary reports are likely to underestimate the true incidence. Another large study in a single tertiary institution in Australia also studied the incidence and nature of anaesthesia related 30-day mortalityvoluntarily. Yet, they used hand-written anaesthesia charts which may be more inaccurate than electronic records. 4 There is limited information about the risk of specific subgroups of patients [e.g. the risk differences between cardiac and non-cardiac surgeries and the variance among age-groups (neonates, toddlers and infants)] and about the incidence of the contribution of anaesthesia and surgical factors to short and long-term mortality. Electronic anaesthesia information systems (AIMS) and electronic patient charts are likely to reduce underreporting of intraoperative problems -for example, severe hypoxaemia or hypotension -and allow objective review of the anaesthesia charts to define the possible contribution of anaesthesia and surgery to perioperative deaths.
Therefore, the aim of this study was to determine the incidence and nature of mortality in paediatric practice occurring within 24 h, or 30 days after the termination of surgery and anaesthesia at a large tertiary institution, using AIMS and electronic patients charts to define the anaesthesia and surgery related contribution to death.
Methods
We retrospectively analysed the causes of 30-day postoperative in-hospital mortality of all children younger than 18 yr, who had been operated on in a tertiary paediatric university hospital (Wilhelmina Children's Hospital, University Medical Centre Utrecht, The Netherlands, 48.000 attendances per year, 220 beds) between January, 2006, and December, 2012. The institution provides surgical services in all areas, and one of the four national centres for paediatric congenital heart deformities in the Netherlands.
The study protocol has been reviewed by the Institutional Review Board of the University Medical Centre Utrecht, which waived the need for informed consent, as patients were not subjected to investigational actions (#13-627, November 25th, 2013). Patient confidentiality was guaranteed according to the Dutch law on personal data protection. Data were obtained from the Anaesthesia Information Management System (AIMS, AnStat ® , Carepoint, Ede, The Netherlands) and the electronic hospital registration and billing administration (EZIS, Chipsoft ® , The Netherlands) of the hospital. Anaesthetics performed outside locations might not be registered in AIMS. Therefore, additionally we coupled the hospital's general patient records and billing system to find the missing cases of children who underwent a surgical procedure outside the operation room or emergency department with anaesthesia by an anaesthesiologist. We excluded all deaths that occurred outside the hospital according to the definition of 'in hospital mortality'. Surgical, anaesthetic and clinical charts of children who died within the hospital during administration -or within 30 days after the commencement -of the last procedure were reviewed. The characteristics of the patients, diagnosis, indications for surgery, ASA PS, type of operation, anaesthetic technique and duration, and the time, place and cause of death were recorded. Children were categorized into five groups according to age: neonates up to 30 days of age, infants from 31 days to 12 months of age, preschool children of one-to three yr of age, children aged four to nine yr and older children aged 10-17 yr. The principal causes of death were examined and tabulated into four major categories:
1. attributable to preoperative child condition or disease (when comorbidities were the only or the major contributory factor); 2. attributable to a preoperative trauma event (with subsequent surgery); 3. anaesthesia either fully or partially contributed to the death (when the child's disease or condition were primary factors but anaesthesia-related problems represented an additional factor); 4. the surgical procedure either fully or partially contributed to the death (when the child's disease or condition were primary factors but surgery-related problems represented an additional factor);
Categories 1 and 2 include all deaths in which the panel agreed that neither surgery nor the anaesthetic procedure contributed to death. Deaths where anaesthesia contributed were defined using the definition by Griend and colleagues 4 : patients for which the panel agreed that anaesthesia or factors under the responsibility of the anaesthetist contributed to death. The same panel-based assessment was applied to the category 'surgeryrelated death'. The medical records of children who died within 30 days after anaesthesia were examined by one author (L.B.), two paediatric anaesthetists (J.G. and D.W.) and two paediatric surgeons (F.H. and D.Z). Patients were discussed and anaesthesia-and surgery-related death was determined until consensus was reached by the entire team. Children receiving intraoperative care for organ donation were excluded.
Statistical methods
Mortality incidence is expressed per 10 000 procedures with 95% Confidence Interval (95% CI). In reporting the 95% CIs, the risk is per anaesthetic. The reported 95% CIs around risk were not adjusted to account for the non-uniform risk introduced by children having multiple procedures. 4 We performed univariate and a multivariate logistic regression analyses to identify risk factors (age, gender, emergency status, surgical procedure) for 30-day in-hospital mortality. For children who had received multiple anaesthetics we included only the last anaesthetic, to reduce the potential unequal influence of repeated anaesthetics. All statistical analyses were performed using SPSS statistics version 20, (IBM, Chicago, IL, USA) with exception of the 95% CI's of risk differences which were calculated by Confidence Interval Analysis binomial exact method (Clopper-Pearson).
Results
A total of 45 182 anaesthetics in 26 436 patients were administered during a seven-yr period (Fig. 1) . Hospital mortality within 24 h was 13.1 per 10 000, and 41.6 per 10 000 procedures within 30 days ( Mortality in children older than one yr (21.2 per 10 000 procedures) was significantly lower than in children younger than one yr (124.4 per 10 000 procedures). Furthermore, mortality in relatively healthy children with ASA status I or II (6.8 per 10 000 procedures), non-cardiothoracic (33.6 per 10 000 procedures) and elective surgery (23.1 per 10 000 procedures) was very low (Table 2) .
There were a total of 188 death that occurred in children within 30 days of their procedure. Of the 59 patients that died in the first 24 h, 10 died in the operating room. The majority of the children died at the NICU (84%, Table 2 ). Most children died from their preoperative condition, disease or comorbidities, and a small number of children died from preoperative trauma (Table 3 ). In children who had received multiple anaesthetics the risk of death was six fold higher than in children who had received a single anaesthetic ( 
Patient cohort n=188
Postoperative death <30 days (n=192) children surgery, cardiothoracic surgery and multiple anaesthetics as risk factors for mortality (Table 5) . Anaesthetic or surgical procedure-related factors contributed to mortality in nine of the 188 patients. In none of these patients death could be attributed to anaesthesia or surgery alone; comorbidities played a substantial role in the aetiologies of all nine patients. In five of these patients anaesthesia or factors under the control of the anaesthetist (in combination with the preoperative condition of the patient) contributed to death (Table 6 ). Three of these five children died within 24 h after the commencement of the procedure (24-h anaesthesia-related mortality: 0.7/10 000, 95% CI: 0.1-1.9).
In two children with severe congenital cardiac abnormalities, anaesthesia contributed to death because perioperative hypotension caused myocardial ischaemia. Child one was a six-week-old term infant admitted to the hospital because of a truncus arteriosus type II, with rapid increase of the brain natriuretic peptide (BNP), tachypnoea and cyanosis the day before operation. Immediately after induction of anaesthesia with ketamine and sufentanil, a self-limiting bradycardia and hypoxaemia occurred. After intubation the child developed a pulseless electrical activity, and despite adequate resuscitation the child died in the operating room (OR). The panel felt that coronary steal resulting in severe Perioperative hospital mortality in children | 611 myocardial ischaemia was the most likely underlying cause of death.
Child two was a four-month-old girl diagnosed with the Williams Beuren syndrome and a mid-aortic syndrome. On arrival at the cardiac catheterization room the child looked pale and repolarization disorders were seen on the ECG. After induction and right heart catheterization, a very high right ventricular end-diastolic pressure and a poor right ventricular function were observed, possibly caused by myocardial ischaemia as a result of anaesthetic-induced decrease of diastolic blood pressure in the presence of coronary stenosis. The infant died despite cardiac resuscitation for 20 min with intraventricular pacing. Autopsy showed severe stenosis of the descending aorta and biventricular hypertrophy.
Child three was an 18-day-old term with Robin sequence who was referred to our hospital for jaw distraction because of several episodes of airway obstruction before her procedure. 5 After jaw distraction she developed right-sided focal seizures, which progressed to epileptic status at 21 h postoperatively. She died 16 days postoperatively from the effects of cerebral ischaemia and haemorrhage. In retrospect, the reviewing panel argued that the most likely cause was a relative hypotension during the procedure, in combination with preoperative severe respiratory problems.
Child four was a six-weeks-old premature (born 24 weeks, 645 g) who had to be intubated because of grade III infant respiratory distress syndrome. She was brought into OR for intubation because of previous difficult intubations at the NICU. During tube change from 2.5 to 3.0 using a bougie, a tension pneumothorax arose. Two thorax drains were placed in position. However, despite high frequency oscillation ventilation and nitric oxide ventilation the child died 29 h later because of severe respiratory insufficiency.
Child five was a 10 month-old infant who was transferred from a secondary hospital with clinical sighs of a fulminant circulatory shock treated with high dose dopamine and noradrenalin, lactate acidosis (lactate 55 mmol litre ), anuria, and compartment syndrome of arms and legs. An emergency laparotomy did not show an abdominal focus. The circulatory shock resulted in a pulseless electrical activity, which was adequately treated with adrenalin and volume therapy. After a fasciotomy of all extremities the boy died 14 h postoperatively as a result of a resuscitation relapse. Retrospective analysis showed severe perioperative hypoglycaemia of 1.2 mmol litre −1 which was not detected during laparotomy. The panel deemed that it was likely that the missed hypoglycaemia had accelerated an inevitable death. In four of these patients, surgery or factors under the control of the surgeon (in combination with the preoperative condition of the patient) contributed to death (Table 6 ). Two of the four children died within 24 h after the commencement of the surgical procedure (24-hour surgery-related mortality: 0.4/10 000, 95% CI: 0.1-1.6).
Three of the patients concerned tissue damage (spinal cord, tracheal-, and endocardial damage Table 6 ). Child six was a nine yr old girl with spina bifida with myeloschisis and microcephaly, who underwent an anterior and posterior spinal fusion for progressive scoliosis which was complicated by a dura tear.
Postoperatively at the PICU a non-treatable circulatory shock progressed (bradycardia and hypotension), most likely caused by spinal cord injury and acute progression of Arnold Chiari syndrome, caused by CSF leakage with brain stem compression. Child seven was a preterm (born at 27 weeks, 850 g) with oesophageal atresia who underwent a thoracoscopic correction at day three, which was complicated by inoperable rupture of the trachea ligature causing respiratory problems with circulatory arrest. After 45 min of cardiac massage and surgical efforts to close the tracheal rupture the procedure was aborted and the boy died shortly after arrival at the NICU.
Child eight was a preterm (born 25 weeks, 800 g) who was operated at the NICU at day 36 because of an unstable respiratory condition for a diaphragmatic hernia after patent ductus arteriosus ligation. Preoperative insertion of a central venous catheter in the right subclavian vein was complicated by a pericardial tamponade and cardiopulmonary resuscitation, which was successfully treated by thoracotomy. However, the child died five days after the incident because of severe acute respiratory distress syndrome. The panel argued that the pericardial tamponade and subsequent thoracotomy might have worsened the respiratory problems.
Child nine was a seven yr old child with acute lymphoblastic leukaemia and sepsis who was referred from another hospital for percutaneous evacuation of a retained catheter-tip in the right atrium, after removing a port-a-cath. The cardiologist was unable to remove the catheter tip because of thrombus formation around the tip. The child died six days later as a result of severe sepsis with veno-occlusive disease at ICU.
Discussion
In the current report, 30-day hospital mortality after anaesthesia and surgery in a specialized paediatric hospital was 41.6 per 10 000 procedures performed (95% CI: 35.9-48.0) and the 24-hour mortality was 13.1 per 10 000 (95% CI: 9.9-16.8). Both rates are consistent with a previous study from a tertiary centre in Melbourne, Australia. 4 The authors reported a 30-day hospital mortality of 34.5 (95% CI: 31.1-38.3) and a 24-hour mortality of 13.4 (95% CI: 11.3-15.8). The 24-hour hospital mortality rate in the present study is higher than a study from Rochester, Minnesota, USA, by Flick and colleagues 3 who reported a single-centre mortality of 6.8/10 000 (95% CI: 5.2-8.7) in the OR and at the PostAnaesthetic Care Unit (PACU). This latter difference might have been caused by a shorter follow-up period being set as the PACU, regardless if the duration of stay was <24 h. Furthermore, the partially anaesthesia-related mortality 1.1/10 000 (95% CI: 0.4-2.6) within 30 days and 0.7/10 000 within 24-hours (95% CI: 0.1-1.9) is comparable with Van der Griend and colleagues (1.0 and 0.7 respectively). 4 The partially anaesthesia-related mortality within 24-hours in the present study is lower than in the study by Flick and colleagues (0.2/10 000) and the North American Paediatric Perioperative Cardiac Arrest (POCA) Registry (0.4/10 000), 6 7 which might be explained by a stricter definition of anaesthesiarelated death ('if the anaesthetic management was undoubtedly a cause'). 8 The incidence of paediatric perioperative deaths contributable to anaesthesia in previous studies of developed countries between 2000 and 2011 ranges from 0.0 to 1.2 per 10 000 procedures delivered depending on the definitions and postoperative time-window used. 3 4 6 7 9-15 Differences in mortality incidences may be attributed to substantial variations in study design and population. The design can affect a study's incidence rates, for example by the way in how anaesthesia-related mortality is defined, the method of data collection, the length of the postoperative time-window, the age range of the children included, and the cohort size. The term anaesthesia-related mortality is not yet validated; there is an urge for international standardization of terminology in order to make study comparison and largescale multicentre research possible. 16 Differences in study populations and healthcare systems may also impede comparison of study results. Rates will be generally lower when including primary and/or secondary centres in a nation-wide cohort 6 9 10 17 compared with a single tertiary institutional environment with a higher concentration of high-risk patients (as the present study). 3 4 Besides, inclusion of cardiac surgery is of great importance as these patients and interventions have the highest mortality. 12 14 18 In the initial analysis of mortality we did not correct for repeated anaesthetics; children undergoing >1 anaesthetic will have a slightly wider 95% CI than in a situation whereby each child only had one anaesthetic. 4 Including only the last anaesthetic in the analysis almost doubled the overall mortality from 41.6 (95% CI 35.9-48.0) per 10 000 anaesthetics to 71.1 (95% CI: 61.3-82.0) per 10 000 patients. We included only the last anaesthetic in the regression analyses to define risk factors for a higher mortality to reduce bias. The present study shows that perioperative mortality from any cause is increased in neonates and infants, compared with older children, an observation which is consistent with previous studies. 3 4 9 10 18 The 30-day mortality from any cause in children older than one yr varies between 9.9 and 32 per 10 000 procedures. Other risk factors for mortality are ASA physical status ≥III, emergency surgery and cardiac surgery. 3 4 7 13 17 19-21 Furthermore, the present study shows for the first time that mortality where anaesthesia or surgery was deemed to be a contributing factor, is low in young age groups (1-6 per 10 000 procedures) and extremely low in patients aged one yr and older, ASA I or II, elective -and non-cardiothoracic surgery (Tables 2 and 6 ). Determining when death is partially caused or influenced by surgery-or anaesthesia-related factors is debatable. We did not find any patient in which the cause of death was solely related to anaesthesia or surgery ( Table 3 ). The determination of Perioperative hospital mortality in children | 613 causality relies on subjective interpretations and the interpretations can be applied on various existing definitions. There is no consensus in the literature regarding the definition of deaths in which anaesthesia was the primary cause or a contributing factor 16 and thence definitions varied widely among research groups. The POCA Registry classifies cardiac arrest and its mortality as anaesthesia-related 'if anaesthesia personnel or the anaesthetic process played at least some role (ranging from minor to minor) in the cause of the cardiac arrest'. 6 7 Flick and colleagues defined anaesthesia-related as 'occurring after initiation of anaesthesia in which anaesthetic management was undoubtedly a cause for cardiac arrest, regardless of severe coexisting disease.' 3 We used the definition of
Van der Griend and colleagues: 'those cases for which all agreed that anaesthesia (or surgery) or factors under the control of the anaesthesiologist more likely than not influenced the timing of death' 4 because we share their opinion that anaesthesia should be considered as a contributing factor, instead of being a cause, within the aetiology of death. The comorbidities of the patients in categories three and four were such that it is difficult to totally attribute the cause of death to either surgical or anaesthetic complications. All children in categories three and four suffered from major comorbidities, which emphasized the approach that complications in anaesthesia or surgery contribute rather than cause death. The use of an electronic AIMS allows objective retrospective analyses of the perioperative physiologic measurements. As it is known that anaesthetists and surgeons voluntarily report only a small part of adverse events occurring during procedures, 20 22 23 electronic registration of vital signs minimizes potential selection bias by preventing completion of the charts left to the discretion of the attending anaesthetist and surgeon. Electronic registration increases objective registration of physiologic variables and might improve to define the role of anaesthesia and surgery in the cause of death retrospectively. A large proportion (10%) of the patients who had been operated at NICU and PICU died within 30 days. Unfortunately, the use of our AIMS does not include all hospital procedures (e.g. procedures performed at PICU and NICU). The surgical procedures performed at the NICU of our hospital were only registered in the general patient record system and not in the AIMS (47 out of 188 deaths; 25%). Some of the anaesthesia data concerning these procedures are missing and therefore a surgery-or anaesthesia-related death might have been missed. We also were not able to check the mortality outside the hospital as by the citizen registration. Therefore, the total 30 day mortality might be underestimated. Furthermore, data were reviewed retrospectively by the authors who were not directly involved in the patient, which could introduce imprecision in the interpretation.
In conclusion, this study confirms previous reports from other developed countries that perioperative mortality is extremely rare in healthy children more than one yr of age. Risk factors for mortality are very young age (neonates and infants), children with ASA physical status III and IV, emergency-and cardiothoracic interventions and repeated anaesthetics -representing the more severe primary conditions. Importantly, the contribution of anaesthesia or surgery-related problems to mortality was negligible, indicating the relative safety of paediatric procedures. Table 6 Number of death (with mortality per 10 000 anaesthesia's, and 95% confidence interval) in which the anaesthesia or surgery, or factors under the control of the anaesthesiologist or surgeon (in combination with the preoperative condition of the patient) are more likely than not, influenced the timing of death. 
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